Fluoroquinolones are a group of antibacterial agents that display a broad range of applications in a variety of medical fields. 1 As a synthetic fluoroquinolone agent and an effective antibacterial agent, tosufloxacin (TFLX), shown in Fig. 1 , is applied widely in the treatment of infections of the urinary and respiratory tracts. [2] [3] [4] Up to now, a few methods, including UV spectrophotometry, 5 capillary zone electrophoresis, 6 and chemiluminescence 7 are used in determination of TFLX. To the best of our knowledge, no application of ECL on determination of TFLX has been reported. The method of ECL, however, has been used in a variety of analytical fields 8-10 due to its positive advantages, such as higher sensitivity, quicker analysis, better stability, and ability to provide more valuable electrochemical information. Based on the fact that ECL produced by sodium dithionite can be sensitized by Tb 3+ -TFLX complex and ∆I (the difference of ECL intensity between the Tb 3+ -TFLX-Na2S2O4 solution and the blank system) is proportional to the amount of TFLX, the method ECL is developed to determine TFLX in capsules and human serum sample. Comparing with CL, the method formerly used to determine TFLX in our laboratory before, 7 ECL has several remarkable advantages. Much less solution consumption is needed in ECL, which decreases the experiment costs efficiently, especially for some costly materials. What's more, higher sensitivity has been obtained in ECL.
Experimental

Apparatus
The self-assembled ECL analyzer is schematically shown in Fig. 2 . It is mainly made up of a CHI 420 electrochemical workstation (CH Instruments) and a BPCL ultra-weak chemiluminescence analyzer (Institute of Biophysics Academia Sinica, China). Cyclic voltammetry (CV) experiments were performed by the CHI 420 electrochemical workstation. The electrode system consists of the reference electrode, the working electrode, and the counter electrode. Ag/AgCl (CH Instruments) was used as the reference electrode, and the working and counter electrodes were a Pt sheet (99.99%) with area about 0.5 cm 2 and a Pt wire (99.99%), respectively, which were made by ourselves because no suitable electrodes could be found on the market. The ECL intensity was measured with a BPCL ultra-weak chemiluminescence analyzer, whose sensitivity depends on the value of negative voltage used. The ECL spectrum of the Tb 3+ -TFLX-Na2S2O4 system was recorded with an RF-5301PC spectrofluorometer (Shimadzu, Japan).
Reagents
All chemicals were analytical-reagent grade. Doubly distilled water was used throughout. Na2SO4 (0.10 mol/L) was used as the electrolyte in all experiments. A stock standard solution of TbCl3 (0.010 mol/L) was prepared by dissolving 934.5 mg of Tb4O7 (General Research Institute for Nonferrous Metals, China) in 15 mL of HCl (12 mol/L) at 90 -95˚C, evaporating the solution until almost dry to remove the excess HCl, dissolving the solution in water and then diluting the residual solution to 500 mL. TFLX stock standard solution (1.0 × 10 -3 mol/L) was prepared by dissolving 29.7 mg of TFLX (Institute of Medicinal Biotechnology, Beijing, China) in 0.35 mL HCL (12 mol/L) before diluting to 50 mL. Na2S2O4 solution (1.0 × 10 -3 mol/L) was freshly prepared before the experiments in order to minimize decomposition of the dithionite.
Procedure
Mix certain solutions in the quartz beaker inside the BPCL ultra-weak chemiluminescence analyzer in advance, and then immerse the electrode system in the mixed solutions. The ECL signals of the mixed solutions were recorded simultaneously when the potentials from 0.5 to 1.5 V versus Ag/AgCl were applied to the electrode system in CV experiments. The electrodes were immersed in HNO3 (3.0 mol/L) after every Fig. 1 Structural formula of TFLX. experiment for 1 -2 min, then they were washed with water.
Sample preparation
Four TFLX capsules were weighed and pulverized. An accurately weighted amount of the homogenized powder equivalent to 200 mg corresponding to one capsule was dissolved in 2.0 mL HCl (12 mol/L) in a small beaker. The solution was filtered and the residue was washed 3 times. Serum samples were supplied by the local hospital from healthy persons. According to the report, 7 the maximum concentration of TFLX in blood of the persons who took 300 mg TFLX was 0.77 mg l -1 (1.3 × 10 -6 mol/L). Therefore, TFLX (1.3 × 10 -6 mol/L) was dissolved in human serum after the interfering material in the serum had been removed by trichloroacetic acid (10%). Then the solution was centrifuged for 30 min at 2000 r/min, followed by transferring the upper limpid solution into small glass containers. In order to make the concentration of TFLX in capsules in the linear range of the determination, we properly diluted the capsule and serum samples.
Results
Selection of experimental variables
To optimize the detection sensitivity, we optimized the experimental conditions, including the range of potential and scan rate in CV experiments, pH of solutions, and concentrations of reagents. A concentration of 4.0 × 10 -8 mol/L TFLX was used in the optimization experiments.
The potential is vital for ECL for Tb 3+ -TFLX-Na2S2O4 system because no ECL phenomena were observed under an unsuitable potential. After comparing the intensity and stability of ECL obtained by sweeping from -1.5 to 1.5 V versus Ag/AgCl, we chose 0.5 -1.5 V versus Ag/AgCl as the range of potential in later CV experiments.
When the CV scan rates were varied from 0.01 to 0.1 V/s, the relative ECL intensity was the greatest at the rate of 0.05 V/s, so 0.05 V/s was chosen in later experiments.
The pH of the system used to obtain ECL was varied gradually from 1.0 to 8.0 (precipitation was observed above 8.0) by adding suitable H2SO4 or NaOH, and the maximum intensities were observed at pH 4.0. Therefore, a pH of 4.0 was used throughout.
Varying Na2S2O4 concentration in the range of 1.6 × 10 
Effect of foreign species
The effect of foreign ionic species such as common metallic ions and coexisting compounds, which are commonly found in capsules and human serum, were investigated to evaluate the analytical potentiality of the method. To 4.0 × 10 -8 mol/L TFLX in the optimum conditions, the tolerable interference (< ±5% level) is: 1000-folded for NH4 + , Mg
2+
, and Ca
; 500-folded for K + , Na + and Ni 2+ ; 100-folded for Zn 2+ , Fe 3+ , Pb 2+ , Cu 2+ , myoglobin, and hemoglobin; 50-folded for Al 3+ , vitamin B1, β-alanine, and glucose. The interference of 10-folded dextrin and starch is above the tolerable extent, but fortunately, the dextrin and starch in capsules can be removed by filtration.
Analytical performance
Under the optimum conditions, the relative ECL intensity was linearly proportional to the TFLX over a wide range of 5.0 × 10 -11 -3.5 × 10 -7 mol/L, the analytical parameters are summarized in Table 1 . The detection limit for TFLX based on the calculation from the standard deviation of the blank (the reagent blank without TFLX, n = 19) (3σ) was 1.3 × 10 -11 mol/L. The relative standard deviation (RSD) was 4.5% for 11 repeated determinations of 4.0 × 10 -8 mol/L TFLX.
Analytical applications
The proposed method was applied to determine the TFLX in capsule and human serum samples. 
Discussion
According to the reference, 11 excited sulfur dioxide (SO2*) is produced in the oxidation process of sulfite, which is crucial for CL of a sulfite system. Sulfite is a relatively stable intermediate product not only in the heterogeneous oxidation of dithionite on Pt electrode but also in the homogeneous decomposition of dithionite. 12 It is proposed that SO2* is also formed during the oxidation process of Na2S2O4 system when a suitable potential is applied to the system. It can be considered that the suitable potential in ECL system, such as 0.5 -1.5 V in Na2S2O4 system, can take the place of some oxidants in CL system.
Under the chosen conditions, the ECL signal of the three systems: Na2S2O4, Na2S2O4-TFLX, and Tb
3+
-TFLX-Na2S2O4, appeared at the potential of about 0.5 V versus Ag/AgCl and reached the highest intensity at the potential of about 0.9 V. The representative curves of ECL for the three systems are shown in Fig. 3 . The ECL intensity of Na2S2O4 solution is weak. Adding TFLX to the Na2S2O4 solution, ECL intensity increased about five times. When TFLX together with Tb 3+ was added to the Na2S2O4 solution, the ECL intensity was enhanced greatly, and ∆I is proportional to the concentration of TFLX.
The phenomenon that the mixture of Tb 3+ and TFLX can increase the ECL intensity of the Na2S2O4 system at such a great extent is probably due to energy transfer in the ECL system, as it occurs in CL system. 11 Therefore, one possible mechanism for the increase in the ECL system can be explained as follows: a Tb 3+ -TFLX complex is formed when Tb 3+ is mixed with TFLX, intermolecular energy transfer from SO2* to TFLX takes place in the Tb 3+ -TFLX complex, and the Tb 3+ -TFLX* is produced, then intramolecular energy transfer from TFLX* to Tb 3+ takes place and the excited Tb 3+ * is formed and then emits characteristic emission of Tb 3+ . ECL emission spectrum of Tb 3+ -TFLX-Na2S2O4 system was obtained with a Hitachi 850 spectrofluorometer, as shown in Fig. 4 , and the maximum emission wavelength of the Tb 3+ -TFLX-Na2S2O4 system is the characteristic emission of Tb 3+ , 13 which proves the mechanism mentioned above. 
